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 ,QWURGXFWLRQ
7KH VWHHOV SURGXFHG WKURXJK SRZGHU PHWDOOXUJ\ 30 PDQXIDFWXULQJ SURFHVV KDV LPPHQVH SRWHQWLDO IRU
LQGXVWULDO DSSOLFDWLRQV LQYLHZRI UHTXLUHPHQWVRIPDVVSURGXFWLRQ OHDQPDQXIDFWXULQJ LPSURYHG UHOLDELOLW\ DQG
UHSODFLQJDOO WUDGLWLRQDOPHWKRGVRIPHWDO IRUPLQJRSHUDWLRQVEHFDXVHRILWV OHVVHUHQHUJ\FRQVXPSWLRQPD[LPXP
PDWHULDO XWLOL]DWLRQ ORZ UHODWLYHPDWHULDO ZDVWDJH DQG FRPSHWLWLYH FRVW 6LQWHUHG ORZ DOOR\ VWHHOV ILQG QXPHURXV
DSSOLFDWLRQV LQ PDNLQJ FRPSRQHQWV IRU WKH PDFKLQH SDUWV DXWRPRELOH SDUWV VWUXFWXUDO FRPSRQHQWV HWF 7KH




D YLWDO UROH LQ GHWHUPLQLQJ WKH FRPSRQHQW SURSHUWLHV DQG FKDUDFWHULVWLFV'DQQLQJHU HW DO  LQYHVWLJDWHG RQ
VLQWHUHGLURQXQGHUGLIIHUHQWORDGVWRHVWDEOLVKWKHPHFKDQLFDOEHKDYLRXURIVLQWHUHG LURQSUHIRUPVLQFRUUHODWLRQZLWK
PLFUR VWUXFWXUDO SDUDPHWHUV $OVR LPSDFW WHVW DQG IDWLJXH WHVW ZHUH FDUULHG RXW RQ VLQWHUHG LURQ SUHIRUPV ZLWK
GLIIHUHQWVLQWHULQJSDUDPHWHUVVXFKDVWLPHDQGWHPSHUDWXUHDQGUHVXOWHGWKDW WKHPHFKDQLFDOSURSHUWLHVZHUHPRVW
VHQVLWLYH WR WKH VLQWHULQJ LQWHQVLW\ 7KH VWUHQJWKHQLQJ RI VLQWHUHG 30 ORZ DOOR\ VWHHOV FDQ EH DFKLHYHG WKURXJK
GHQVLILFDWLRQ DOOR\LQJ DQG KHDW WUHDWPHQW  7KH ZHDU PHFKDQLVPV RI 30 DOOR\ VWHHO SDUWV KDV VLPLODU
SURSHUWLHV FRPSDUHG WR ZURXJKW PDWHULDOV XQGHU WKH VDPH WULERORJLFDO FRQGLWLRQV EXW WKH SRURVLW\ SOD\V D
VLJQLILFDQWUROHLQZHDUEHKDYLRXURIDOOR\VWHHOV  (QJVWURPHWDO KDVGHYHORSHGVRPHQHZKLJK
VWUHQJWK DOOR\ PDWHULDO EDVHG RQ &X 0R DQG 1L ZLWK YDU\LQJ FRPSRVLWLRQ OHYHOV DQG VWXGLHG WKHLU PHFKDQLFDO
EHKDYLRXUDQGGLPHQVLRQDO WROHUDQFHVZLWK UHVSHFW WR WKHPRGHRIPL[LQJRIDOOR\SRZGHUV VXFKDVSDUWLDOO\SUH
DOOR\HGDGPL[HGDQGIXOO\SUHDOOR\HGDQGFRQFOXGHWKDWWKHSDUWLDOO\SUHDOOR\HGSRZGHUVZLOOGRPLQDWHWKHIXWXUH






 VWXGLHG DERXW WKH DGGLQJ RI DOOR\LQJ HOHPHQWV WR VWHHO HVSHFLDOO\ WKRVH ZKLFK KHOS WR UHWDLQ DXVWHQLWH




&D)2QWKHRWKHUKDQGWKHODWHULPSURYHVVHOIOXEULFDWLQJSURSHUW\RI WKHVWHHO )RGRUHWDO UHSRUWHG
WKH HIIHFW RI FDUERQ DGGLWLRQRQ WKHPLFURVWUXFWXUHRIPL[HG HOHPHQWDO SRZGHU DOOR\ V\VWHPV FRROHG DWPRGHUDWH
UDWHVDIWHUVLQWHULQJ DQGFRQFOXGHGWKDWDWPRGHUDWHFRROLQJUDWHVWKHDPRXQWRIPDUWHQVLWHLQFUHDVHVZLWKLQFUHDVHLQ





SURGXFWLRQ  6HQWKXU SUDEXHWDO VWXGLHGWKHGU\VOLGLQJZHDUEHKDYLRXUE\DGGLWLRQRIWXQJVWHQLQWKH
SODLQFDUERQVWHHODQG UHVXOWHG WKDW WKHZHDU UHVLVWDQFHRI WKH30 ORZ DOOR\ VWHHOJHWV VLJQLILFDQWO\HQKDQFHG ,Q
YLHZ RI WKH HPHUJLQJ LPSRUWDQFH RI ORZ DOOR\ 30 VWHHOV LQ YDULRXV DSSOLFDWLRQV VWDWHG DERYH DQG GXH WR WKHLU
SRWHQWLDOKLJKVWUHQJWKDQGHFRQRPLFVWUXFWXUDODSSOLFDWLRQVLWLVLPSRUWDQWWRKDYHDFRPSOHWHXQGHUVWDQGLQJRIWKH
ZHDUEHKDYLRURI30VWHHOVLQRUGHUWRHYDOXDWHWKHLUVXLWDELOLW\IRUIULFWLRQDOZHDUDSSOLFDWLRQV7KHSUHVHQWVWXG\LV
PDLQO\IRFXVHGRQWKH GU\VOLGLQJ ZHDUEHKDYLRURIVLQWHUHG30ORZDOOR\VWHHOVZLWKWKHDGGLWLRQRI: DVDOOR\LQJ
HOHPHQWVZLWKYDULRXVGHQVLWLHVVXFKDVDQGXQGHUGU\FRQGLWLRQVRQSLQRQGLVFDUUDQJHPHQWDJDLQVW
(1 VWHHOGLVFRI+DUGQHVV+5&ZLWKDVOLGLQJVSHHGRIPVDQGDWDQRUPDOORDGRI1




 P ZHUH XVHG 7KH EDVLF FKDUDFWHULVWLFV RI HOHPHQWDO LURQ SRZGHU VXFK DV IORZ UDWH DSSDUHQW GHQVLW\ WDS
GHQVLW\DQG IORZDELOLW\ KDVEHHQFDUULHGRXWXVLQJVWDQGDUGPHWKRGVRIWHVWLQJ7KHVLHYHDQDO\VLVRILURQSRZGHUV
DUHVKRZHGLQ 7DEOH(OHPHQWDOSRZGHUVRI)H&DQG:ZHUHDFFXUDWHO\ZHLJKHGDQGWKRURXJKO\PL[HGLQDQ
LQGLJHQRXVO\ PDGH SRW PLOO IRU  KUV WR \LHOG WKH DOOR\ FRPSRVLWLRQV RI )H&: 7KH SK\VLFDO
FKDUDFWHUL]DWLRQRIHOHPHQWDODOOR\SRZGHUUHVXOWVDUHH[KLELWHGLQ 7DEOH7KHPDVVRIEOHQGHGSRZGHUZDVWKHQ
FRPSDFWHG LQWR F\OLQGULFDO ELOOHWV RI VL]H ;PP XVLQJ D K\GUDXOLF SUHVV RI  N1 FDSDFLW\ 8VLQJ
FRPSUHVVLELOLW\FKDUWVXLWDEOH D[LDOSUHVVXUHZDVDSSOLHGWRREWDLQSUHIRUPVRIWKHRUHWLFDOGHQVLW\DV
VKRZQ LQ )LJXUH 'XULQJ FRPSDFWLRQ JUDSKLWHZDV XVHG DV OXEULFDQW $IWHU WKH FRPSDFWLRQ LQGLJHQRXVO\ PDGH




RI WKH 30 DOOR\ VSHFLPHQ ZDV PHDVXUHG XVLQJ $UFKLPHGHV¶ SULQFLSOH 'LVF SROLVKLQJ ZDV PDGH EHIRUH WKH
VSHFLPHQVZHUH VXEMHFWHG WRZHDU WHVW 7KH LQLWLDOZHLJKWRI WKH VWHHOSLQ ZDVPHDVXUHGDIWHU FOHDQLQJ LQDFHWRQH
IROORZHG E\ GU\LQJ XVLQJ DQ HOHFWURQLF ZHLJKLQJ EDODQFH RI  PJ DFFXUDF\ &RPSXWHU DVVLVWHG 3LQRQGLVN
WULERPHWHUZDVXVHGIRU FDUU\LQJ RXW GU\VOLGLQJ ZHDU WHVWVRQ30DOOR\VWHHO SLQVDJDLQVW FRXQWHUIDFH(1VWHHO
GLVFV+5&7KHGLVFZDVFOHDQHGLQDFHWRQHEHIRUH DQGDIWHU WKHFRPPHQFHPHQWRIZHDUWHVWV WRJHW WKHKLJK
SUHFHVVLRQUHVXOWV 7KHGU\VOLGLQJZHDUWHVWVZHUHFRQGXFWHGDWDQRUPDOORDGRI 	1ZLWKDVOLGLQJ VSHHG
RIPV7KHPDWHULDOZHDUORVVZDVGHWHUPLQHGDVWKHFKDQJHLQZHLJKWRIWKHVLQWHUHG VWHHOSLQPHDVXUHG DFFXUDWHO\
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)LJ&RPSUHVVLELOLW\ FKDUW IRU)H&:7KHRUHWLFDO GHQVLW\963UHVVXUH
 5HVXOWVDQG'LVFXVVLRQV






)URP )LJ D LW ZDV REVHUYHG WKDW ZLWK ORZ OHYHO DSSOLHG ORDG RI 1 PDVV ORVV RI DOO GHQVLW\ SUHIRUPV
LQFUHDVHVJUDGXDOO\ZLWKVOLGLQJGLVWDQFH0RGHRIZHDUXQGHU WKHVHFRQGLWLRQVDSSHDUV WREHR[LGDWLYH7KHZHDU
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)LJ'U\VOLGLQJZHDUEHKDYLRXURIVLQWHUHG7XQJVWHQDOOR\HGSODLQFDUERQVWHHO )H&: D 1 E 1 F 1
(IIHFWVRI$SSOLHG/RDGDQG6OLGLQJVSHHGRQWKH)ULFWLRQDO&RHIILFLHQW
)LJXUH LOOXVWUDWHV WKHYDULDWLRQVRI WKH IULFWLRQDOFRHIILFLHQWRI30DOOR\ VWHHOVDWGLIIHUHQW ORDGV)URP WKH
SORW D ,QLWLDOO\ FRHIILFLHQWRIIULFWLRQDWWKHEHJLQQLQJRIWKHWHVWYDULHVEHWZHHQDQGIRUDQG
GHQVLW\SUHIRUPVZKHUHDVGHQVLW\ LWZDV 7KHLQLWLDOORZHUYDOXHRIIULFWLRQDOFRHIILFLHQWLVGXHWRFRQWDFW




PHWDO FRQWDFWKHQFH WKHUHZDV VOLJKWGHFOLQHLQIULFWLRQFRHIILFLHQW 
D E
F
)LJ9DULDWLRQ RIWKHIULFWLRQDOFRHIILFLHQWRI30 ORZ DOOR\VWHHODWGLIIHUHQWORDGV D1 E1 F1
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0LFURVWUXFWXUHRI$V6LQWHUHG30DOOR\VWHHOV
7KHPLFURVWUXFWXUHVRIWKHVLQWHUHG30DOOR\VWHHOVXVHGIRUWKH ZHDUWHVWDUHVKRZQLQ )LJXUH%DVLFDOO\WKH




D)H&: [ E)H&: [ F)H&:  [
)LJ 2SWLFDOPLFURJUDSKV RIWKH DVVLQWHUHG30DOOR\VWHHOV
:HDUSDWWHUQ
)LJXUH LOOXVWUDWHVWKHPRUSKRORJLFDOREVHUYDWLRQVRIZHDUSDWWHUQRIPD[LPXPZRUQRXWSLQVXUIDFHVRI30
DOOR\VWHHOV 1RQXQLIRUPZHDUSDWWHUQZDVREVHUYHGIURP )LJXUH FGXHWRWKHSUHVHQFHRIKLJKGHQVHWXQJVWHQ
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)LJ:HDUSDWWHUQRIPD[LPXPZRUQRXW VXUIDFH RI 30 DOOR\VWHHOV D E F
6FDQQLQJ(OHFWURQ0LFURVFRSH6(0LPDJHV
6(0 LPDJHVRI DVVLQWHUHG)H&: RI  GHQVLW\SUHIRUPV LV VKRZQ LQ WKH )LJ D 7KH:SDUWLFOH
HPEHGGHGLQEHWZHHQWKHIHUULWLF JUDLQVPDWUL[LVHYLGHQWIURPWKH6(0PLFURJUDSK )LJ E VKRZVWKH6(0LPDJH





)LJ6(0LPDJHV RI  GHQVLW\SUHIRUPV D )H&: DVVLQWHUHG E )H&: ZHDUGHEULV
ȝP
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 &RQFOXVLRQV
x 7KHZHDU UDWH JUDGXDOO\ LQFUHDVHV ZLWK LQFUHDVH LQDSSOLHG ORDG IRUDOO WKHGHQVLW\30ORZDOOR\VWHHOV DQG LQ
KLJKHUORDGZHDU UDWH LQFUHDVHVDEUXSWO\GXHWRGHODPLQDWLYHZHDU
x ,QKLJKGHQVLW\SUHIRUPV GXHWRKDUGSKDVHRIWKH WXQJVWHQFDUELGHUHVXOWVLQKLJKKDUGQHVVOHDGVWRKLJKHU
ZHDUORVVGXULQJWKHWHVW+HDWJHQHUDWHGDWKLJKORDGFDXVHVPRUHR[LGDWLRQDQGWKHFRQWLQXRXVIUDFWXUHRIR[LGH
ILOPIRUPHGWKHPHWDOWRPHWDOFRQWDFWUHVXOWVLQGHODPLQDWLRQZHDU
x 7KHXQLIRUPZHDUORVV ZDVREVHUYHGLQGHQVLW\SUHIRUPV LUUHVSHFWLYHRIORDGVFRPSDUHGZLWKRWKHUGHQVLW\
SUHIRUPV%XWWKHIULFWLRQDOFRHIILFLHQWVOLJKWO\LQFUHDVHVGXHWRR[LGHOD\HUIRUPHG
x 7KHEDVLFPLFURVWUXFWXUHRIDOOGHQVLW\)H&:30DOOR\VWHHO LV IHUULWLFSHDUOLWH'LVWULEXWLRQRI WKH WXQJVWHQ
SDUWLFOHVHPEHGGHGLQ)H&PDWUL[LVXQLIRUPLQWKHGHQVLW\VLQWHUHG30VWHHOSUHIRUPVUHVXOWVLQXQLIRUP
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